Human metastatic melanoma cells express a dedifferentiated, plastic phenotype, which may serve as a selective advantage, because melanoma cells invade various microenvironments. Over the last three decades, there has been an increased focus on the role of the tumor microenvironment in cancer progression, with the goal of reversing the metastatic phenotype. Here, using an embryonic chick model, we explore the possibility of reverting the metastatic melanoma phenotype to its cell type of origin, the neural-crest-derived melanocyte. GFP-labeled adult human metastatic melanoma cells were transplanted in ovo adjacent to host chick premigratory neural crest cells and analyzed 48 and 96 h after egg reincubation. Interestingly, the transplanted melanoma cells do not form tumors. Instead, we find that transplanted melanoma cells invade surrounding chick tissues in a programmed manner, distributing along host neural-crest-cell migratory pathways. The invading melanoma cells display neural-crest-cell-like morphologies and populate host peripheral structures, including the branchial arches, dorsal root and sympathetic ganglia. Analysis of a melanocyte-specific phenotype marker (MART-1) and a neuronal marker (Tuj1) revealed a subpopulation of melanoma cells that invade the chick periphery and express MART-1 and Tuj1. Our results demonstrate the ability of adult human metastatic melanoma cells to respond to chick embryonic environmental cues, a subset of which may undergo a reprogramming of their metastatic phenotype. This model has the potential to provide insights into the regulation of tumor cell plasticity by an embryonic milieu, which may hold significant therapeutic promise.
C
ancer is a complex disease involving a dynamic relationship between tumor cells and their microenvironment. Particularly challenging is the issue of tumor cell plasticity, which shares many properties in common with embryonic cells, including a dedifferentiated phenotype. Following this general theme, Mintz and Illmensee (1) addressed the basic question of whether the embryonic microenvironment of a mouse blastocyst could possibly revert the metastatic phenotype of teratocarcinoma cells. Surprisingly, the tumorigenic phenotype of the teratocarcinoma cells was suppressed by the mouse embryonic microenvironment, whereas the developmental plasticity of the tumor cells was manifested as the tumor cells contributed to the formation of normal tissues. With a chick embryo model, a similar tumor-suppressing microenvironment was observed when Rous sarcoma virus (RSV) induced sarcomas in chick hatchlings but failed to do so in embryos (2) . When sarcoma 180 cells were transplanted into the chicken embryo, cells loosely spread into the tissue as single cells forming some occasional clumps (3) . Indeed, attempts to revert or reprogram the metastatic phenotype of tumor cells by microenvironmental cues has been an area of intense study that has benefited from technological advances and experimental approaches (4) , especially evident in a recent, exciting study by Jaenisch and colleagues (5) , who transferred the nuclei of various malignant melanoma mouse cells into enucleated oocytes and derived ES cells from the cloned mouse embryos. The resulting cloned ES cells were pluripotent and generated normal-appearing chimeric mice, further demonstrating that the cancer phenotype of the donor cells is reversible.
In an effort to dissect the tumor cell microenvironment interactions, using melanoma as a model, we analyzed the molecular profile of highly aggressive vs. poorly aggressive melanoma cells (6) . These studies revealed that highly aggressive human metastatic melanoma cells have a molecular signature characteristic of a plastic, dedifferentiated cell type (7) . Furthermore, metastatic melanoma cells down-regulate melanocyte-specific markers, consistent with a dedifferentiated phenotype (6) (7) (8) . To further our understanding of the biological relevance of melanoma plasticity, we studied the fate of melanoma cells in two experimental models: (i) an ischemic limb model and (ii) a zebrafish embryo. In the first model, fluorescently labeled metastatic melanoma cells were challenged to an ischemic microenvironment surgically induced in the hind limbs of nude mice (9) . This study demonstrated the capability of these tumor cells to express embryonic cell fate-determination molecules and to participate in neovascularization of the limb by forming chimeric blood vessels with mouse endothelial cells. In the second model, GFP-labeled metastatic melanoma cells were transplanted (and followed up to 3 months posttransplantation) into zebrafish blastula-stage embryos, which resulted in the loss of their tumorigenic properties (10) . Both of these studies underscore the remarkable developmental plasticity of mesenchymal-lineage melanoma cells and beg the question of which embryonic signaling mechanism(s) might be responsible for reverting the metastatic phenotype. Indeed, the application of developmental-biology principles to the study of cancer biology will yield new perspectives on tumor cell plasticity (11) .
In the developing vertebrate embryo, the normal patterning of peripheral structures and the nervous system involves the invasion of a multipotent population of cells known as the neural crest. Neural crest cells (NCCs) arise along the vertebrate axis in the dorsal neural tube and migrate into the surrounding tissue to give rise to bone and cartilage, neurons and glia of the peripheral nervous system, and pigment cells (12) . NCCs follow stereotypical migratory pathways, forming segregated streams of cells that emerge adjacent to specific locations along the vertebrate axis (13) (14) (15) (16) . Although NCCs arise along the dorsal neural tube, NCCs avoid migrating into certain areas adjacent to the neural tube, such that NCC-free zones arise between migratory streams (17) (18) (19) (20) . When NCCs invade these areas, cells either stop and collapse filopodia or alter their trajectories to join a neighboring stream (16) , suggesting the presence of a local environmental inhibitory signal(s). Intensive investigations using tissue transplantations, cell labeling, and molecular analyses suggest that the NCC migratory streams are sculpted from a combination of intrinsic and local extrinsic cues in the microenvironment (21) (22) (23) (24) .
Collectively, our observations of the plastic phenotype of melanoma cells and our experimental model of NCCs led us to hypothesize that metastatic melanoma cells could respond to an embryonic microenvironment experienced by their ancestral cell type, the NCC. In this study, we transplanted GFP-labeled human metastatic melanoma cells into the embryonic chick neural tube and showed that these tumor cells invade the chick periphery in a programmed manner along stereotypical NCC migratory pathways and populate peripheral destinations. A subpopulation of the invading melanoma cells express melanocyte and neuronal markers previously undetected at the time of transplantation. Taken together, our results suggest that human metastatic melanoma cells respond to and are influenced by the chick embryonic neural-crest-rich microenvironment, which may hold significant promise for new therapeutic strategies.
Results

Melanoma Cells Invade Chick Embryo Tissues in a Programmed Man-
ner. To determine whether metastatic melanoma cells invade embryonic chick tissues in a programmed or indiscriminate manner, we transplanted adult, GFP-labeled human metastatic melanoma cells into the rostral neural tube of young, 7-to 9-somite chick embryos. At these stages, the host NCCs are either just beginning to emerge or have not yet emerged from the neural tube. Before the transplantation of the melanoma cells, we injected the fluorescent, lipophilic carbocyanine dye DiI into the neural tube to label host chick NCCs. After 48 h of egg reincubation, the positions of the transplanted melanoma cells were analyzed. At this time, we found that melanoma cells invade the mesoderm lateral to the chick neural tube when transplanted into regions of the rostral neural tube from which NCC streams typically emerge (Fig. 1) . Invading metastatic melanoma cells do not form tumors, even after extended egg reincubation up to 96 h (see Fig. 6 H-J, which is published as supporting information on the PNAS web site) but distribute as individual cells with a salt-and-pepper-like distribution along stereotypical cranial NCC migratory pathways (Fig. 1) . However, the GFP-labeled metastatic melanoma cells form primary tumors within 1 week in nude mice and, subsequently, metastasize to the lung, as shown in Fig. 6 (K and L). When these melanoma cells are transplanted near the midbrain, the tumor cells disperse into the mesoderm to populate distal portions of the head (Fig. 1 A-C) . Metastatic melanoma cells transplanted into rhombomere (r)2 resulted in the tumor cells populating the distal 1st branchial arch (ba)1 and joining host NCCs (Fig. 1 D-F) . When melanoma cells were transplanted into r6, the cells reached the ba4 (Fig. 1 G-I) . Time-lapse imaging sessions confirmed that transplanted metastatic melanoma cells invade the chick tissue and follow NCC migratory pathways (Fig. 6 S and T; and see Movies 1 and 2, which are published as supporting information on the PNAS web site). C81-61 poorly aggressive melanoma cells, the isogenic counterpart of the metastatic C8161 tumor cells, transplanted into similar regions in chick hosts did not invade the surrounding tissue (Fig. 6 
D-G).
Invading Melanoma Cell Morphologies Resemble Host NCCs. Highresolution confocal imaging reveals that invading adult human metastatic melanoma cells display cell morphologies that resemble chick NCCs (Fig. 2) . In a typical host chick embryo, many transplanted melanoma cells demonstrate a bipolar shape (Fig. 2 A and  B) . Melanoma cell filopodia are typically long (Ϸ50 m) and thin (Ϸ1-5 m). When compared with host NCCs, melanoma cell filopodia are approximately similar in size ( Fig. 2 A and B) . Transplanted melanoma cells also display thin filopodial connections between neighboring cells ( Fig. 2 C and D) . The lengths of the connections are similar in size to those observed between host NCCs ( Fig. 2 C and D) . Surprisingly, transplanted melanoma cells also form linear chain-like arrays, similar to the collective migratory feature of host NCCs ( Fig. 2 E and F) . However, the lengths of the melanoma-cell chain-like arrays are longer than NCC chains ( Fig.  2 E and F) . The directionality of the melanoma cells coincides with the direction toward the branchial arches. We performed cell counts to determine the distribution and location of NCCs and metastatic melanoma cell morphologies ( Fig. 2 G and H) . In contrast to the NCCs, transplanted metastatic melanoma cells had less hairy cell morphologies midstream (25% vs. 65%) but more bipolar-shaped morphologies (55% vs. 18%) ( Fig. 2 G and H) . In the branchial arches, the metastatic melanoma cells had more bipolar-shaped morphologies (13% vs. 5%) and less hairy shapes (7% vs. 12%) than the NCCs ( Fig. 2 G and H) .
Melanoma Cells Transplanted into the Trunk Neural Tube Maintain Segregated Streams and Populate Dorsal Root Ganglia (DRG) and
Sympathetic Ganglia (SG) Sites. To examine whether metastatic melanoma cells invade and populate trunk structures, we transplanted the GFP-labeled tumor cells into the caudal neural tube of chick embryos ( Fig. 3 A and B) . In a typical chick embryo, the first emerging trunk NCCs migrate along the dorsoventral pathway and through the rostral somite and arrest dorsally near the neural tube to form the DRG or continue eventually toward the dorsal aorta to form the SG. Later-emerging trunk NCCs follow a dorsolateral pathway and give rise to melanocytes. In the host chick embryos that received melanoma cells in the trunk neural tube, the tumor cells migrate preferentially through the rostral somite, colocalizing to the same migratory routes of the trunk NCCs (Fig. 3C) . Strikingly, very few melanoma cells enter the caudal somite (Fig. 3D) , a region that NCCs typically avoid. Surprisingly, many melanoma cells migrate ventrally beyond the site of the DRG and stop at the location of SG formation (Fig. 3 D and E) . The melanoma cells disperse in the anterior-posterior direction, mimicking a pattern displayed by host NCCs (Fig. 3E) . Along the NCC migratory routes, melanoma cells display bidirectional cell morphologies with cellular extensions in the direction toward the lateral periphery (Fig. 3D) .
Melanoma Cells Reach Host NCC Destinations Independent of a Host
NCC Scaffold. To test whether transplanted melanoma cells use host NCCs as a scaffold to reach the periphery, we ablated subpopulations of premigratory host NCCs and replaced them with human metastatic melanoma cells (Fig. 4) . We confirmed the loss of the majority of host NCCs after ablations by fluorescently labeling host premigratory NCCs with a lipophilic dye (DiI), injected into the neural tube before ablation. In these embryos, GFP-labeled metastatic melanoma cells continued to invade the host NCC migratory pathways (Fig. 6 A-D) .
In a typical chick embryo, NCCs from r3, r4, and r5 emerge to form a migratory stream extending lateral to r4, called the r4 stream (Fig. 4 A-C) . The shape of the chick r4 migratory stream has a wide front (8-9 cells) that tapers (5-6 cells) back to the neural tube and is densely packed (Fig. 4 A-C) . We focused on the r4 migratory stream because it is easily accessible to manipulation and is visually distinguishable, adjacent to two NCC-free zones. Melanoma cells emerge and populate the peripheral branchial arches in host chick embryos where the premigratory NCCs from mid-r3 to mid-r5 are ablated (Fig. 4 D-F) . The melanoma cells form dense migratory streams near the neural tube, similar to a typical chick NCC (Fig. 4 D-F) . The migratory streams persist to the chick otic vesicle, and then the melanoma cells disassemble and distribute into the peripheral ba1 (Fig. 4F) . Some melanoma cells migrate to other distal locations, including near the ba1 and ba3 (Fig. 4 D-F) .
Melanoma Cells Do Not Invade Host NCC-Free Zones. In a typical chick embryo, NCCs that emerge from r3 and r5 avoid the regions lateral to their respective rhombomeres. R3 and r5 NCCs travel along diagonal trajectories to join neighboring cell migratory streams. NCCs that wander into the areas lateral to r3 and r5 either stop or dramatically alter their trajectories toward neighboring streams, suggesting the presence of local inhibitory signals. This migration pattern gives rise to NCC-free zones lateral to r3 and r5. A similar pattern is observed in the trunk, at each axial level of an individual somite. We asked whether human metastatic melanoma cells respond to chick embryonic cues thought to establish and maintain the chick NCC-free zones. When we transplanted melanoma cells into r3, very few tumor cells migrated lateral to r3 (Fig. 4 G-I) . Transplanted melanoma cells appear to spread out in the anteriorposterior direction along the dorsal neural tube (Fig. 4) . However, individual melanoma cells do not invade the ba1 and ba2 as extensively as when transplanted into r1 or r4 (Fig. 4) .
A Subpopulation of Transplanted Invading Melanoma Cells Express a
Melanocyte Marker (MART-1) and Neural Marker (TuJ1). To test whether transplanted human metastatic melanoma cells express phenotype-specific genes associated with the acquisition of a neural crest melanocyte-like phenotype, we examined chick embryos stained with MART-1, a melanocyte differentiation antigen, expressed on both melanocytes and differentiated melanoma cells that are poorly or moderately aggressive (25) . However, the metastatic (amelanotic) tumor cells used in this study have been shown to be negative for MART-1 (7). We find that a subset of transplanted GFP-labeled melanoma cells that invade the chick periphery ( Fig. 5 A and B) are MART-1-positive (Fig. 5 C and D) . Individual tissue sections of the chick embryo (Fig. 5A, dotted line) confirm that a number of transplanted GFP-labeled melanoma cells express MART-1 (Fig. 5 E-G) . The number of MART-1-positive melanoma cells is Ϸ5% and Ϸ34% of the total number of transplanted melanoma cells into r1 and r4, respectively (Fig. 5H) . Before transplantation, the GFP-labeled melanoma cells do not express MART-1 by immunofluorescence microscopy (Fig. 5I) . In addition, Western blot analysis for the expression of MART-1 in cell lysates of the human melanoma cell lines C8161 and C81-61, as well as the human melanocyte cell line HEMn, confirm that the metastatic tumor cells used in this study (C8161) are negative for MART-1 (Fig. 5J) , whereas their isogenic, poorly aggressive counterpart C81-61 and normal melanocytes HEMn are positive. We also tested whether invading melanoma cells express neuronal (TuJ1 and Hu RNA-binding protein) and glial (P0) markers. A small number (Ϸ13%) of the total number of invading metastatic melanoma cells expressed TuJ1 (Fig. 6 M-R) . Collectively, these data indicate a possible reversion of a subset of transplanted human metastatic melanoma cells to neural-crest-derived melanocyte-like and neuronal-like phenotype(s) because of their interactions with the chick embryonic NCC microenvironment.
Discussion
The ultimate goal of our work is to decipher the molecular signals within a microenvironment that inhibit destructive tumor cell properties and͞or cause a reversion to a nonaggressive phenotype. In this study, we transplanted GFP-labeled adult human metastatic melanoma cells into the chick-embryo microenvironment and assayed the details of melanoma cell fate by using high-resolution confocal microscopy. We specifically placed the melanoma cells adjacent to premigratory NCCs to study the interactions between the melanoma cells and the NCCs, their ancestral cell type of origin. We find that transplanted human metastatic melanoma cells emerge from the chick neural tube, respond to the local microenvironmental cues to sort into NCC migratory pathways, and target peripheral destinations typical of host NCCs. Importantly, the transplanted metastatic melanoma cells do not form tumors. Rather, individual melanoma cells blend in with developing chick structures and display cell morphologies that resemble host NCCs. When we investigated whether invading melanoma cells exposed to the NCC microenvironment alter their molecular phenotype, we observed that a subpopulation expresses a specific melanocyte marker, MART-1, and a neuronal marker, TuJ1, which they did not express at the time of transplantation.
Human metastatic melanoma cells follow NCC migratory pathways with or without the presence of host NCCs, suggesting that melanoma cells invade the chick periphery in a programmed manner. Forty-eight hours after transplantation into either the midbrain, r1, r4, r6, or the trunk neural tube, melanoma cells migrate into positions that correlate with stereotypical NCC migratory pathways (Figs. 1 and 3) . Rather than nonspecifically disseminating from the transplantation sites, melanoma cells migrate to (Fig. 6 S and T and Movies 1 and 2) and congregate in typical NCC destinations, including the branchial arches (Fig. 1) , DRG, and SG (Fig. 3) . Extension of the egg re-incubation time to 96 h showed that the transplanted melanoma cells did not form tumors (Fig. 6 H and J) . However, these melanoma cells maintained their tumorigenic phenotype in a mouse model during the approximate time period (Fig. 6K) . When premigratory host NCCs are ablated and replaced with melanoma cells, the tumor cells continue to reach the peripheral host NCC destinations (Figs. 4 and 6 A and C), suggesting that a NCC scaffold is not necessary to guide melanoma-cell invasion. Indeed, our data support the observations of Mintz and Illmensee (1) that showed malignant mouse teratocarcinoma cells introduced into an embryonic mouse environment contribute to normal embryonic structures. Invading melanoma cells display cell morphologies similar to host NCCs, including cell-cell connections, long filopodia, and chain-like arrays (Fig. 2) . Cell-cell connections have been shown to play a role in chick NCC guidance (26) , and, therefore, it will be interesting to pursue the migratory behavior and trajectories of human melanoma cells to determine whether there are any differences when host NCCs are present.
Transplanted melanoma cells avoid stereotypical NCC-free zones, suggesting that melanoma cells respond to guidance cues in the chick embryonic microenvironment. Melanoma cells transplanted directly into r3 fail to invade and populate the region lateral to r3 (Fig. 4 G-I) ; melanoma cells transplanted into the evennumbered rhombomeres, such as r4, form into a migratory stream around the otic vesicle and do not invade the area lateral to r3 (Fig.  4 E and F) ; and melanoma cells transplanted into the trunk neural tube avoid migrating through the caudal regions of individual somites (Fig. 3D) . Whether transplanted melanoma cells receive cues from the neural tube or respond to inhibitory signals in the chick microenvironment is an intriguing question. In a typical vertebrate embryo, it is thought that a combination of intrinsic factors, in the form of signals from the neural tube, and extrinsic signals from the environment and other NCCs sculpt the NCC migration pattern (23) . In the absence of further time-lapse data, we could not determine whether transplanted melanoma cells migrated into the regions lateral to r3 or the caudal somite and then changed direction to join neighboring streams in a manner similar to that observed in NCCs (27) . Another possibility is that melanoma cells transplanted into r3 received signals that inhibited their emigration from the neural tube, a hypothesis suggested for NCCs that originate from r3 and r5 (24) . In either scenario, our results suggest a fertile area to explore chick embryonic microenvironmental cues as a means to control melanoma cell invasion.
The metastatic melanoma cells transplanted into the chick trunk neural tube populate ventral sites of the DRG and SG, suggesting that melanoma cells respond to cues typically followed by NCC precursors adopting a neuronal cell fate. Although transplanted melanoma cells are found along both the dorsolateral and dorsoventral trunk NCC migratory pathways, we observed larger numbers of melanoma cells that populated the ventral sites (Fig. 3 C-E) . It is interesting that tumor cells populated ventral sites typical of neuronal NCC precursors rather than following dorsolateral migratory pathways thought to be linked to NCCs that become melanocytes (28) . There is an ongoing debate in the NCC literature as to when trunk NCCs truly adopt a particular cell fate (29) . Cell-lineage studies suggest that trunk NCCs may have some predetermination, such that neuronal and melanogenic precursors are separate in time of emergence and migratory pathway (30) (31) (32) or may emerge together, stochastically choosing a migratory pathway and adopting a cell fate near the destination site (33) . Whether melanoma cells that follow a dorsoventral route simply follow the initial emerging NCCs to those locations or interpret embryonic cell-guidance cues of neuronal precursors is not known. It will be interesting to investigate whether the melanoma cells that populate the SG begin to express neuronal markers. Further tumor cell transplantation studies that focus on the timing of the transplantation in relation to the emergence of the host trunk NCCs may provide helpful insights into potential guidance cues that inhibit or promote melanoma cell invasion and possible reversion to a particular phenotype.
Our results support the hypothesis that signals in an embryonic chick microenvironment play an important role in human melanoma cell migration and reversion of the metastatic phenotype. We have exploited the relationship between melanoma cells and their ancestral NCC phenotype, within the visually and experimentally accessible intact chick embryo. We show promising results that the chick embryonic microenvironment suppresses the tumorigenic phenotype and reprograms the metastatic phenotype of a subpopulation of tumor cells. Our results have promising implications, suggesting that the chick neural-crest-rich microenvironment inhibits the aggressive dissemination of melanoma cells, possibly by using similar signaling pathways that sculpt NCCs into segregated streams to ensure that cells arrive at specific destinations with the appropriate phenotype. By using this innovative approach, further investigation of the cellular and molecular interactions within the tumor cell embryonic chick microenvironment should allow us to identify and test potential candidate molecules to control and reprogram the metastatic melanoma phenotype.
Materials and Methods
Chick Embryos. Fertile White Leghorn chick eggs were acquired from a local supplier (Ozark Hatchery, Neosho, MO) and incubated at 38°C until the Ϸ6-to 8-somite stage of development. Eggs were rinsed with 70% alcohol and 3 ml of albumin removed before cutting a window in the shell. A solution of 10% India ink in Howard Ringer's solution was injected below the blastodisc to visualize the embryos. Embryos were staged according to the criteria of Hamburger and Hamilton (34) .
Cell Culture. The adult human metastatic cutaneous melanoma cell line C8161 and its poorly aggressive isogenic counterpart C81-61 were isolated from an abdominal wall metastasis (35) and maintained as described in ref. 9 . Normal human melanocytes (HEMn) isolated from neonatal foreskins were maintained in Medium 254 with Human Melanocyte Growth Supplement (Cascade Biologics, Portland, OR) and gentamycin sulfate. All cultures were determined to be free of mycoplasma contamination by using a PCRbased detection system (Roche, Indianapolis).
Western and Immunofluorescence Analyses. C8161 and C81-61 human melanoma cells and HEMn melanocytes were lysed in RIPA buffer plus protease inhibitors (36) , sonicated, and centrifuged at 11,300 ϫ g for 35 min at 4°C for Western analysis. Fifteen micrograms of protein were then loaded per well of a 4-12% Bis-Tris polyacrylamide gel (Invitrogen) and electroblotted onto an Immobilon-P membrane (Millipore, Bedford, MA), and MART-1 was detected by using an anti-MART-1 antibody (M2410, 1:100, U.S. Biological, Swampscott, MA). Equal loading of protein was demonstrated by using an anti-actin antibody (MAB1501, 1:5,000, Chemicon, Temecula, CA). Neuronal marker and MART-1 expression by immunofluorescence microscopy was evaluated as described in refs. 36 and 37. Tissue sections were stained by using the Tuj1 primary antibody (Chemicon) expressed exclusively by neurons (38) , P0, a glial marker (from the Developmental Studies Hybridoma Bank, University of Iowa, Iowa City, IA), Hu RNAbinding protein (a gift from J. Weston, University of Oregon, Eugene, Oregon), and MART-1. Anti-GFP antibody (Molecular Probes) was used to detect melanoma cells after fixation (37) .
Tumor Cell Transplantations. Small subpopulations of melanoma cells, prepared as tumor cell drops (see Supporting Materials and Methods, which is published as supporting information on the PNAS web site, for a description) were cut from appropriate clumps into rectangular blocks Ϸ100 m ϫ 50 m (wide) ϫ 50 m (thick) by using a sharpened tungsten needle. We estimated that for each transplantable block of melanoma cells, there were Ϸ1,550 Ϯ 200 individual GFP-labeled cells, determined by adding 50 ml of 0.25% Trypsin (GIBCO) in DMEM to the blocks (n ϭ 5). Subpopulations of poorly aggressive C81-61 melanoma cells were prepared for transplantation in the same manner.
Chick embryos (6-to 8-somites) were prepared for transplantation of melanoma cells by cutting a hole in the vitelline membrane above the neural tube by using a sharpened tungsten needle. The melanoma cell block was then guided into the incision by using the glass needle and was gently tucked into the neural tube. For chick embryos in which the host NCCs were ablated before the transplantation of melanoma cells, incisions were made with a glass needle in a specific region of the neural tube. In some host embryos, a lipophilic dye (DiI, Molecular Probes) was injected before ablation to label host NCCs.
Static Imaging. For static imaging, individual embryos were removed from eggs with paper rings, rinsed with Ringer's solution and placed dorsal side up within a thin ring of high-vacuum grease (Dow Corning, Midland, MI) on 22-ϫ 75-mm microslides. Embryos were imaged by using one of two laser scanning confocal microscopes (LSM 510 Meta and LSM 5 Pascal, Zeiss).
Time-Lapse Confocal Imaging. Whole-embryo cultures were prepared and imaged as described in ref. 16 . All time-lapse imaging sessions (n ϭ 6) used a Plan-Neofluor 10ϫ͞0.3 dry objective, optical zoom ϭ 2 and 5-min time intervals, with an inverted confocal microscope (LSM 5 Pascal, Zeiss).
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